ORIGINAL RESEARCH ARTICLE published: 01 July 2014 doi: 10.3389/fpsyg.2014.00625 Cognitive success: instrumental justifications of normative systems of reasoning Gerhard Schurz* Department of Philosophy, Heinrich-Heine University of Duesseldorf, Duesseldorf, Germany Edited by: Shira Elqayam, De Montfort University, UK Reviewed by: Jonathan St. B. T. Evans, University of Plymouth, UK Igor Douven, University of Groningen, Netherlands *Correspondence: Gerhard Schurz, Department of Philosophy, Director of Duesseldorf Center for Logic and Philosophy of Science, Heinrich-Heine University of Duesseldorf, Universitaetsstrasse 1, 40225 Duesseldorf, Germany e-mail: schurz@ phil.uni-duesseldorf.de In the first part of the paper (sec. 1–4), I argue that Elqayam and Evan's (2011) distinction between normative and instrumental conceptions of cognitive rationality corresponds to deontological vs. teleological accounts in meta-ethics. I suggest that Elqayam and Evans' distinction be replaced by the distinction between a-priori intuition-based vs. a-posteriori success-based accounts of cognitive rationality. The value of cognitive success lies in its instrumental rationality for almost-all practical purposes. In the second part (sec. 5–7), I point out that the Elqayam and Evans's distinction between normative and instrumental rationality is coupled with a second distinction: between logically general vs. locally adaptive accounts of rationality. I argue that these are two independent distinctions that should be treated as independent dimensions. I also demonstrate that logically general systems of reasoning can be instrumentally justified. However, such systems can only be cognitively successful if they are paired with successful inductive reasoning, which is the area where the program of adaptive (ecological) rationality emerged, because there are no generally optimal inductive reasoning methods. I argue that the practical necessity of reasoning under changing environments constitutes a dilemma for ecological rationality, which I attempt to solve within a dual account of rationality. Keywords: is and ought, normative accounts of rationality, means-end inference, cognitive success, general vs. locally adaptive rationality INTRODUCTION: RECENT CRITICISMS OF NORMATIVE SYSTEMS OF REASONING IN PSYCHOLOGY According to a common conception (Elqayam and Evans, 2011, p. 234), classical logic was the dominant normative standard of rational thinking in cognitive psychology until the 1960s. When psychologists discovered empirically that, in many domains, human reasoning did not accord with the principles of logic (e.g., Wason, 1966), these findings were interpreted as signs of human irrationality (cf. Evans, 2002). Beginning in the 1970s this interpretation came increasingly under attack by authors who demonstrated that deviations from classical logic can nevertheless be rational (e.g., Cohen, 1981; Gigerenzer, 1991; Oaksford and Chater, 1994). For example, when conditionals are uncertain, the optimal rules of conditional reasoning are no longer classical (see section Instrumental Justification of Deductive Reasoning). Some authors suggested that psychologists should adopt a different normative system, as an alternative to classical logic, such as, for example, Bayesian probability theory or decision theory (e.g., Oaksford and Chater, 1991, 2007). However, human reasoning has been observed to deviate from the norms of probability and decision theory, too (Kahneman and Tversky, 1972; Barbey and Sloman, 2007). Therefore other authors suggested that certain forms of "adaptive" or "instrumental" rationality do not presuppose any normative system at all; rather they can and should be studied in a purely descriptive way (e.g., Evans and Over, 1996; Gigerenzer et al., 1999). A clear exposition of this position is given in Elqayam and Evans (2011). I take this position as a starting point for my critical discussion of the notions of rationality that underlie the psychological debate on norms of reasoning. According to Elqayam and Evans (2011, p. 234), prescriptive normativism is the view that human thinking should be evaluated against (the rules of) a normative system, S, and ought to conform to it, where S is a general system of reasoning such as logic, probability theory, or decision theory1. Elqayam and Evans launch three major criticisms against prescriptive normativism: (1) First, there are different mutually competing normative systems of reasoning, such as classical vs. non-classical logics, frequentistic vs. Bayesian probability theory, probability theory vs. fuzzy logic, etc. This leads to the problem of "arbitration," i.e., of deciding between different normative systems. For Elqayam and Evans it is more-orless impossible to give an objective or unbiased approach to this problem, because normative systems understand their "norms" of reasoning as fundamental norms, being based on more-orless a-priori intuitions which are not capable of further rational justification2. (2) Second, the endeavors of many psychologists to select one of these normative systems on empirical grounds are typically based on is-ought fallacies. According to a famous philosophical doctrine that goes back to Hume (1739/40, part 1, §1), it is logically impossible to infer an Ought from an Is. (3) Elqayam and Evans recognize instances of ought-is fallacies in psychological 1A forerunner is Evans and Over's notion of "rationality2" (1996, p. 8). 2Elqayam and Evans (2011), p. 237f; in particular p. 277 in reply to Schurz (2011a). www.frontiersin.org July 2014 | Volume 5 | Article 625 | 1 Schurz Cognitive success: systems of reasoning research, in which psychologists infer incorrectly from their preference for a certain normative system S that a certain theoretical interpretation of people's empirical cognitive behavior is "correct," due to its coherence with the rules of reasoning prescribed by system S-a position which Elqayam and Evans call "empirical normativism" (Elqayam and Evans, 2011, p. 244, 234). In this way normative prescriptivism introduces biases which hinder empirical research. Because of these problems Elqayam and Evans argue that psychologists of reasoning would be better off if they gave up normative prescriptivism and dispensed with appeals to any normative system whatsoever. They call this opposite position descriptivism and mention Gigerenzer and Todd's conception of adaptive (ecological) rationality as well as Evans and Over's instrumental rationality as prototypes of this position (Elqayam and Evans, 2011, P. 246f)3. For Evans and Over, a method of reasoning or decision-making is instrumentally rational if it is reliable and efficient for achieving one's subjective goals (1996, p. 8). Adaptive rationality is considered a kind of instrumental rationality which emphasizes the dependence of the optimal means of achieving one's goals on the given environment; so cognition can only be instrumentally rational if it is ecologically adapted. Like Evans and Over (1996), Todd and Gigerenzer (2012, p. 15) criticize the purported "a-priori" nature of normative systems and argue that the fitness of cognitive methods should be empirically tested in natural environments. Elqayam and Evans (2011, p. 247f) assure readers that their descriptivist position does not exclude normative recommendations entirely from the field of cognitive psychology. However, they argue that all that can be generally said about "rational thinking" (thereby quoting Baron, 2008) is that rational thinking is "whatever kind of thinking helps people to achieve their goals." This sounds very close to the pragmatist philosophy of William James. In the following sections, I will try to embed the nonnormativist positions of Evans and Over (1996), Elqayam and Evans (2011), and Todd and Gigerenzer (2012) into a more general philosophical framework. I will suggest replacing the conception of "normativist" vs. "instrumentalist" rationality by two independent distinctions: the distinction between intuitionbased vs. success-based conceptions of rationality, and the distinction between logico-general vs. local-adaptive conceptions of rationality. DEONTOLOGICAL vs. CONSEQUENTIALIST JUSTIFICATIONS OF NORMS IN THE CONTEXT OF THE IS-OUGHT PROBLEM The distinction between normative vs. instrumental rationality is related to a standard distinction in meta-ethics: that between deontological vs. consequentialist justifications of norms. In deontological systems of ethics, the normative basis of justification consists of certain fundamental norms, which assert that certain general forms of action are categorically (i.e., unconditionally) obligatory or ethically good in themselves. In contrast, in consequentialist systems of ethics, actions are justified as normatively right because of the value of their consequences, 3Cf. Gigerenzer et al. (1999), Todd and Gigerenzer (2012), and Evans and Over (1996). or at least of those consequences that were foreseeable by the actor (Broad, 1930; Anscombe, 1958; Birnbacher, 2003; ch. 4). Consequentialist ethics are further divided into two groups: in value-consequentialist (or non-teleological) ethics, actions are normatively right because their consequences are ethically valuable, while in teleological ethics, actions are normatively right because their consequences promote the satisfaction of extraethical values, which consist in the factual goals of people, ultimately the avoidance of pain and achievement of pleasure (cf. Frankena, 1963, ch. 2). The most famous historical example of a deontological position is Kant's categorial imperative, which requires one to treat all morally relevant subjects equally and seems to be ethically right quite independently from its consequences. The most famous historical example of a teleological position is Benthem's and Mill's utilitarianism, for which an action is ethically right just in case it results in the "greatest happiness of the greatest number." While utilitarianism is an altruistic principle, its egoistic variant is egoistic hedonism, according to which an action is right for an agent if it maximizes the agent's own personal pleasure. Let us discuss these ethical positions in the light of Hume's thesis that norms and ethical values cannot be logically derived from descriptive facts. Contemporary attempts to prove Hume's thesis by means of modern logic have faced surprising difficulties. These difficulties derive from the paradox of Prior (1960), which is based on two facts: (i) From purely descriptive premises, for example ¬p (e.g., "I am not poor") one may derive mixed statements such as ¬p∨Pq, with "P" for "is permitted" (e.g., "I am not poor or stealing is permitted"). (ii) From the mixed statement ¬p∨Pq together with the descriptive premise p one can derive the purely normative statement "Pq." Prior argued that if mixed statements count as descriptive, then (ii) counts as an is-ought inference, and if mixed statements count as normative, then (i) counts as an is-ought inference. So it seems that is-ought inferences result in either case (which constitutes Prior's paradox). The major insight that emerged from this paradox was that an adequate explication of Hume's is-ought thesis must be based on the threefold division of statements into purely descriptive, mixed, and purely normative. Based on this insight, Schurz (1997) proved that the following two versions of Hume's thesis hold in all standard logical systems of multi-modal first-order logic: - (H1) No non-logically true purely normative conclusion can be derived from a consistent set of purely descriptive premises. - (H2) Every mixed conclusion which follows logically from a set of purely descriptive premises is normatively irrelevant in the sense that all of its normative subformulas are replaceable by other arbitrary subformulas, salva validitate of the inference. Thesis (H1) entails the inverse Hume thesis (H3) which says that no non-tautologous descriptive statement can be Frontiers in Psychology | Cognitive Science July 2014 | Volume 5 | Article 625 | 2 Schurz Cognitive success: systems of reasoning logically inferred from a consistent set of purely normative premises4. In the light of the logical is-ought gap described by Hume, the explained positions of deontological, value-consequentialist, and teleological ethics describe the three major ways in which normative systems can be justified. Norms cannot be derived from facts alone, but they can be justified by deriving them from either (i) other norms having the status of fundamental norms (as in deontological ethics), (ii) fundamental ethical values, as in value-consequentialist accounts, or (iii) fundamental extra-moral values which are given by human goals or interests, as in teleological accounts. All three models of justification are based on a so-called means-end inference, which has the following form: (1) Means-end inference: Normative premise: A is a (fundamental) norm or value. Descriptive premise: B is a necessary (or optimal) means for achieving A. Normative conclusion: B is a derived norm or value. This form of means-end inference is accepted as analytically valid within more-or-less all kinds of ethical theories, whether they are deontological, value-consequential, or teleological. Here "analytically valid" means "conceptually valid," i.e., "valid because of the meaning of the involved terms," but not "logically valid," i.e., "valid solely because of the meaning of the involved logical terms" (cf. Schurz, 2013, ch. 3.3–3.4). For example, "This is round, therefore it has no edges" is an analytically but not logically valid argument. Moreover, the analytical validity of the means-end inference holds only for necessary and optimal means to an end, but fails for sufficient means5. The second premise of the means-end inference, concerning the means-end relation, is a factual statement, expressing the results of empirical research. Thus, the means-end principle explains how the findings of empirical scientists can become practically relevant without committing an is-ought fallacy: empirical findings allow one to derive a multitude of derived norms from a small set of fundamental norms or values. The latter ones cannot be established by empirical science (following from Hume's is-ought thesis), but are given to the scientist by extra-scientific institutions, e.g., by politicians or by the society as a whole (Schurz, 2010, §6). With help of means-end inferences one can only prove hypothetical (conditional) norms or values, i.e., implications of the 4Cf. Schurz (1997): for (H1) theorems 3–5 (p. 118, 121, 124), for (H2) theorems 1–2 (p. 92, 102), for (H3) prop. 7 (p. 74). For related work cf. Stuhlmann-Laeisz (1983), Pigden (1989), Galvan (1988); general introductions are Hudson (1969) and Pigden (2010). 5For example, for the purpose of letting fresh air into the room, tearing down a wall is a sufficient but neither a necessary nor an optimal means. Some people object that the means-end inference fails even for necessary (or optimal) means, since if the necessary means B for realizing the fundamental norm A is itself intrinsically bad, B should not be realized. However, in such a case it is unreasonable to accept A as a fundamental norm. Thus, although this objection points to an important constraint on fundamental norms, it fails as an argument against the means-end inference. form "if X is accepted as a norm or value, then Y is also normatively required or valuable"; but one can never justify categorial (unconditional) norms in this way (cf. Schurz, 1997, theorem 6, p. 132). For the latter purpose one needs additional premises. They come either in the form of fundamental norms or values, or, as in deontological or value-consequentialist accounts, in the form of factual interests of people together with fundamental ethical is-ought or is-value bridge principles, as in teleological theories. The fundamental bridge principle of hedonistic or utilitarian ethics, for example, states that "if the realization of a state of affairs p serves the interests of (some, most, or all) human beings, then p is valuable and ought to be realized." In deontological and value-consequentialist ethics, the most fundamental norms and values are assumed to be justified by a-priori intuition. However, teleological theories also contain such an element of a-priori intuition, in the form of a presupposed is-ought (or is-value) bridge principle. Bridge principles of this sort cannot be justified by logical inference (Hume's insight), nor by arguing that they are "valid by definition" (Moore's insight)6; they are often controversial and are accepted only in some but not in all ethical theories. A-PRIORI INTUITION-BASED vs. A-POSTERIORI SUCCESS-BASED ACCOUNTS OF RATIONALITY I will now try to connect the psychological distinction between normative and instrumental rationality to the philosophical framework of deontological, value-consequential, and teleological accounts in ethics, and evaluate the former distinction in the light of the latter. Obviously the position of Elqayam and Evans (2011) is a kind of teleological one, but exactly which one is not entirely clear, at least not for me. Nor is it prima facie clear which position is exactly criticized in their arguments against normative rationality-all non-teleological positions, or only certain ones? Let's see. Elqayam and Evans understand the rules of a normative system of reasoning S as "evaluative" norms. They assume that evaluative norms are based on a-priori intuition, being unamenable to further justification. From a philosophical viewpoint, this view of (evaluative) norms is too narrow, since normative systems (be they deontological or value-consequentialist) do contain a multitude of derived norms, which are justified as (optimal or necessary) means to satisfying certain fundamental norms. For example, for Elqayam and Evans "poverty should not exist" is an evaluative norm (Elqayam and Evans, 2011, p. 236), but this norm is instrumental for the more fundamental norm that people should not suffer. Just the same is true for normative systems of reasoning: the fact that a general system of reasoning S such as logic or probability theory is accepted as a normative standard does not imply that reasoning in accord with S can only be justified by "a-priori intuition." Different ways of justifying the rules of logic or probability theory in terms of more fundamental norms, such as cognitive success or truth-conduciveness will be discussed in the section on General vs. Locally Adapted Rationality. 6Cf. Moore's famous "open question" argument against the "naturalistic fallacy" of defining "Ought" by "Is" (1903, p. 15f). www.frontiersin.org July 2014 | Volume 5 | Article 625 | 3 Schurz Cognitive success: systems of reasoning There is, however, a philosophical position to which Elqayam and Evan's criticism does indeed apply. A well-known example of this position is Cohen's account of rationality (1981). For Cohen, rules of logical reasoning such as Modus Ponens or Modus Tollens are based on a-priori intuitions about correct reasoning. If human reasoning deviates from the rules of logic, this could mean for Cohen that these people have different a-priori intuitions about correct reasoning. So they are not irrational, but their reasoning is merely based on a different norm of rationality. Cohen understands his position as a generalization of Goodman's and Rawls' coherentistic conception of a "reflective equilibrium," which involves the balancing of general intuitions about correct rules and particular intuitions about rule-instances (Goodman, 1955; Rawls, 1971). I propose to call this family of positions "apriori intuition-based" conceptions of rationality, which I set in opposition to a-posteriori success-based conceptions of rationality. Intuition-based conceptions base rationality on a motley "stew" of intuitions, including intuitions about the correctness of cognitive rules such as Modus Ponens in logic or Bayes' theorem in probability theory. These intuitions are "subjectively a-priori" in the sense that they are taken as primitively given, incapable of further justification, although they can vary between different subjects. For example, religious people would consider different rules of reasoning as "intuitively rational," compared to nonreligious people. It is therefore unavoidable that this conception of rationality must lead to a strong form of cognitive relativism, which has in particular been worked out by Stich (1990). The notion of "prescriptive normativism" as characterized by Elqayam and Evans (2011) or Evans and Over (1996, p. 8) seems to correspond to a-priori intuition-based conceptions rationality. I agree with Elqayam and Evans' criticism of these positions: they take unreliable subjective intuitions as sacrosanct and thereby hinder rational criticism and scientific progress. However, the opposite of a-priori intuition-based conceptions of rationality are not "descriptive" conceptions of rationality (whatever these may be), but rather a-posteriori success-based conceptions of rationality, which evaluate systems of reasoning in terms of the cognitive value of their consequences in the given environment. The emphasis of the local adaptivity of successful reasoning systems, i.e., the dependence of their value on the environment in which they are applied, is a central insight of the research program of ecological rationality. Todd and Gigerenzer (2012, p. 15) write: "We use the term logical rationality for theories that evaluate behavior against the laws of logic or probability rather than success in the world," while "The study of ecological rationality is about finding out which pairs of mental and environment structures go together." Todd and Gigerenzer's understanding of "logical rationality" matches our notion of a-priori intuitionbased accounts of rationality, and their notion of ecological rationality fits with our understanding of a-posteriori successbased accounts, except that I support a dualist standpoint (similar to Evans, 2003), according to which not only locally adapted but also certain general reasoning methods can be justified in this success-based way (see the section on General vs. Locally Adapted Rationality). In the light of contemporary epistemology (cf. Greco and Turri, 2013), a-priori intuition-based accounts are internalist accounts of rationality, because they understand the rationality of a cognitive act as an internal property of the underlying cognitive process of the agent, independent from the environment. What these accounts have in common with deontological ethics is that they evaluate the moral rightness of an act solely based on the properties and intentions of the actor at the time of acting, independent from its consequences. In contrast, a-posteriori success-based accounts are externalist accounts of rationality, inasmuch as the success of a cognitive act depends on its consequences in the given environment; this is what these rationality accounts have in common with consequentialist ethics. I do not deny that a-posteriori success-based accounts of rationality also involve some elements of intuition. But their intuitive elements can be narrowed down to a few fundamental intuitions about human goals whose realization are assumed to be valuable (which is a fact-value bridge principle of the explained sort). What a-posteriori accounts reject is reliance on epistemic correctness intuitions, i.e., intuitions about the epistemic correctness or plausibility of rules of reasoning. In a-posteriori accounts, all epistemic correctness claims of this sort have to be justified by means-end inferences, which attempt to show that the respective rules are instrumental for attaining the assumed goals in the assumed class of environments. The notion of success contains an objective component (success in the given environment) as well as a subjective component (success for assumed goals). As long as the "goals" for an action are not specified, it is prima facie unclear what is meant by "success." Todd and Gigerenzer avoid making any general statement about what the success of cognitive methods consists in. In all of their experiments, however, they assume that the success of a cognitive method increases with the frequency of its "correct" or empirically true inferences (or predictions), and decreases with the cognitive costs of the method, in terms of necessary information search and computation time. This understanding of "cognitive success" is widely accepted in cognitive science. Philosophers often neglect the dimension of cognitive costs and define truthconduciveness (attainment of true and avoidance of false beliefs) as the fundamental epistemic goal (David, 2005). A prominent variant of this position is reliabilism (cf. Goldman, 1986; Schurz and Werning, 2009)7 . TRUTH-CONDUCIVENESS AND COGNITIVE SUCCESS: INSTRUMENTALLY RATIONAL FOR ALMOST ALL PURPOSES I suggest that the fundamental goal of cognitive methods in a-posteriori accounts of rationality should be characterized as the maximization of cognitive success, in the explained sense of finding many possibly relevant truths with little cognitive effort. While this position would find many friends within contemporary epistemology, the notion of "truth" seems to be less popular in cognitive psychology. In their reply to Schurz (2011a), Elqayam and Evans (2011, p. 278f) reject truth as the general goal of reasoning, in favor of an unspecific notion of "instrumental rationality," which is relativized to arbitrary goals. Before we discuss this position, let us analyze the goal of truth-conduciveness 7Goldman (1986) is an exception among epistemologists inasmuch as he also discusses cognitive costs. Frontiers in Psychology | Cognitive Science July 2014 | Volume 5 | Article 625 | 4 Schurz Cognitive success: systems of reasoning or cognitive success in the light of the preceding discussion of positions in ethics. Two general views are possible: (1) One may understand truth-conduciveness as a fundamental epistemic value, incapable of further justification; this understanding corresponds to a value-consequentialist position. (2) One may deny that truth-conduciveness is an "intrinsic value," but understand the value of cognitive success instrumentally, in terms of its usefulness for the achievement of some given extra-epistemic (or practical) purposes, whatever these purposes may be. The latter viewpoint corresponds to the teleological position of instrumental rationality, which underlies the views of Elqayam and Evans, Gigerenzer and Todd, and perhaps the majority of psychologists. First of all, I wish to point out that although instrumental norms or values are hypothetical in the sense explained in sec. 2, they are not "descriptive," but nevertheless possess normative or evaluative content. Recall that, although the second premise of the means-end inference (1) is descriptive, its conclusion is normative or evaluative: it inherits this status from the first premise which asserts that something is a fundamental norm, value, or goal. This is also true when the fundamental value is given by the factual subjective goal of one or many persons (together with a fact-value bridge principle8). For example, if it is a fundamental value for me to protect the environment, then it is a derived value for me to support Greenpeace. Secondly, Elqayam and Evans' conception of instrumental rationality may be relativized to any purpose whatsoever. They endorse the view that "rational thinking is whatever kind of thinking best helps people achieve their goals" (Elqayam and Evans, 2011, p. 248). Let us ask: doesn't this position imply that rationality, itself, is entirely relative? On closer inspection, the notion of instrumental rationality is semantically ambiguous. At least three different conceptions of instrumental rationality exist in the literature: instrumental rationality as (i) technocratic rationality, (ii) goal-relative rationality, or (iii) general all-purpose rationality. While (i) maintains that instrumental rationality is ideologically biased (Habermas, 1966), (ii) maintains that it is entirely relative: there are as many kinds of instrumental rationality as there are different kinds of human goals (Stich, 1990). Only position (iii)- which I attribute to Evans and Over (1996, p. 8)-maintains that instrumental rationality is general and non-relative. Is it an unavoidable consequence of the notion of instrumental rationality that it is goal-relative? Do we have for each kind of goal a separate account of rationality? Do environmentalists, warriors, and taxi drivers, etc. each employ different methods of rational reasoning? This seems to be entirely wrong. In this section, I present a simple argument that shows that there is a form of rationality that is instrumental for almost all purposes: this form of rationality is contained in the idea of truth-conduciveness in the explained sense. This is the practical reason why it makes sense to separate epistemic from non-epistemic goals, and regard the satisfaction of epistemic goals as a good, independent of the practical goals which one actually pursues. I say "for almost all purposes" because there are some important exceptions which I 8This bridge principle says: "If person X has goal A, and A is not in conflict with other goals of X, then A's realization is valuable for X" (cf. Schurz, 1997, sec. 11.7). will discuss later. First let me briefly explain-or since this is so obvious, I should better say: recall-why truth-conduciveness is all-purpose instrumental. Maximizing the utility of one's practical actions (whatever they are) is usually explicated in terms of a decision situation. The task is to choose that action among a possible set of competing actions which has the maximum expected utility. Therefore, each decision problem can be reduced to a prediction problem whose task it is to predict which of the possible actions will lead to a maximal expected payoff (in Schurz, 2012 this method is used to reduce action games to prediction games). To predict the expected payoff of the available actions, it is necessary to predict the environmental conditions under which the actions will take place, and the consequences of each action under these conditions. In this way, practical success in a given decision problem depends on cognitive success in a corresponding prediction problem. Therefore, increased success in one's predictions, as measured by the goal of truth, will by and large lead to increased success in one's practical actions, independently of the goals which one pursues. Elqayam and Evans reject truth-conduciveness as the supreme cognitive goal for reasons which do not really conflict with my arguments. They understand the notion of truth in a much more "metaphysical" and less practical and empirical sense than I do. For example, they argue that "cognitive representations are viewed not as veridical, but as fit for purpose" (Elqayam and Evans, 2011, p. 278). This is nothing but the teleological position explained above. They continue with remarking that there is no "true picture of the world which our eyes and brains deliver faithfully to us. There is a mass of information in light, which could be interpreted and constructed in many ways. In addition, our visual systems have clear limitations." From a philosophical standpoint all of this is obviously true. But this only means that we never know the complete truth ("true picture") of our environment, and that our cognitive models are never free from simplification and error. However, all that counts for practical success is true information about practically relevant questions, for example whether or not it will rain tomorrow, or whether the value of a given share will go up or down. By "cognitive success" I do not mean the achievement of fancy metaphysical truths, but (at least primarily) the achievement of empirical (i.e., possibly observable) truths, which are of possible relevance for our practical success. This position is not far from Elqayam and Evans, who infer from their considerations that "cognitive representations are only veridical to the extent and in the manner required to serve our goals." In conclusion, I am inclined to think that Elqayam and Evans' "instrumental rationality" along with Todd and Gigerenzer's "adaptive rationality" and Evans and Over's "rationality1" can be subsumed under the family of a-posteriori conceptions of rationality, which evaluate rationality in terms of their cognitive success in the sense just explained. Let me finally mention the big exception to the all-purpose instrumentality of truthful beliefs. Our beliefs may have certain direct effects on us that are quite independent from their truth value. If I believe that a beloved person will visit me in an hour, then this belief makes me happy for the next hour, quite independently of whether or not this person actually comes. Schurz (2001a) calls these effects the generalized placebo effects of our www.frontiersin.org July 2014 | Volume 5 | Article 625 | 5 Schurz Cognitive success: systems of reasoning beliefs. Placebo effects have been extensively studied in the area of medicine and pharmaceutics. For example, the mere belief in the effectiveness of a sleeping pill accounts for more than 50% of the success of a real sleeping pill. More generally, positive illusions have positive effects on a person's physical and mental health (Taylor, 1989, p. 49, 88ff, 117ff). Particularly effective in this respect are religious beliefs. Because of their selective advantages, generalized placebo effects are to some certain extent built into our cognitive processes and are the reason for certain cognitive "biases" that have been discovered in the heuristics-and-biases research in psychology. Piatelli-Palmarini (1996) classifies these cognitive biases in seven groups, where at least three of them are the result of genetically selected placebo effects: overconfidence, hindsight bias, and self-righteous bias. Placebo effects are real and useful effects, being produced by one's strong belief in some usually false state of affairs, for example in one's own superiority or in the existence of a safeguarding God. However, placebo effects break down as soon as one comes to believe the truth: the resistance of my body against cancer decreases when my doctor tells me that my chances to survive are small (etc.). In conclusion, placebo effects are the big exception to the all-purpose instrumentality of true beliefs. Let me emphasize that my comment concerning placebo effects is only intended to direct attention to this problem, but not to offer an adequate treatment (or "solution") as the latter project would exceed the scope of this paper. Rather than offer a solution, I want to conclude my discussion of this problem with the following remark. The unjustified faith in one's beliefs upon which the placebo effect rests is at the same time practically dangerous: it often leads to a dogmatic belief system which resists revision through the scientific procedures of critical testing, and promotes tendencies to solve conflicts by fiat or violence instead of rational reflection. Despite the beneficial aspects of placebo effects, eliminating vulnerability to placebo effects is a price that must paid as a means to acquiring a scientific as opposed to a magical belief system-a price that is worth paying, given the general value of truth beliefs for practical action and the dangers of dogmatic belief. GENERAL vs. LOCALLY ADAPTED RATIONALITY: NOT A NORMATIVE BUT A DESCRIPTIVE QUESTION In the preceding sections, I investigated the normative side of rationality. I distinguished two accounts of rationality, a-priori intuition-based vs. a-posteriori success-based. To some extent this distinction reflects Elqayam and Evan's (2011) distinction between prescriptive normativism and descriptive instrumentalism, and Todd and Gigerenzer's (2012) distinction between logical and ecological rationality. Both accounts contain some normative elements (in this respect I disagree with Elqayam and Evans), which are, of course, much stronger within intuition-based than within success-based accounts. In the former accounts, the normative elements derive from a mixed bag of a-priori intuitions, while in the latter accounts the only element of intuition concerns the acceptance of cognitive success, i.e., practically relevant truthfulness, as the fundamental cognitive goal, which is justified by its almost-all-purpose instrumentality for practical success. There is, however, a second distinction, that between logically general vs. locally adaptive accounts of rationality. Todd and Gigerenzer (2012, p. 15) as well as Elqayam and Evans (2011) equate this distinction with the one between a-priori and aposteriori accounts: for them logically-general accounts would be normatively justified in an a-priori manner, while locally adapted accounts are a-posteriori justified by their cognitive success in a given kind of environment. In my view, these two distinctions should be treated as two independent dimensions of classification, for the following reasons. Firstly, logico-general systems of reasoning can also be instrumentally justified, by their a-posteriori success in regard to-not specific but varying-environments and cognitive tasks. Secondly, the locally adaptive view of rationality can also be quite explicitly normative: Todd and Gigerenzer (2012) is full of recommendations to use frugal locally adapted heuristics instead of general logical tools. Thirdly, a local and special-purpose-related cognitive method, such as Kahnemann and Tversky's availability heuristics, can also be justified by apriori intuitions: this is the way that such heuristics are justified within Cohen's (1981) "reflective equilibrium" account of cognitive rationality. While the question of deciding between a-priori intuitionbased vs. a-posteriori success-based accounts is a meta-normative question, concerning the way normative recommendations can be justified, the question of whether logico-general or locally adapted reasoning methods are more successful is a descriptive question, that only can be decided by computational and empirical means. To avoid misunderstanding: this question cannot be decided by finding out which cognitive methods are implicitly used by ordinary people when they reason. This would involve an is-ought fallacy, since we should not expect the actual reasoning of humans to always be cognitively successful or optimal. However, the cognitive success of reasoning methods can be studied by means of logical arguments, by mathematical theorems, and by empirical investigations of their performance in simulated and real-world environments. In the following subsections, I will sketch some typical success-based justifications of cognitive methods, both of logico-general methods that are prominent in philosophy, and of locally adapted reasoning methods that have been promoted by defenders of ecological rationality. I will show, in each case, that a closer inspection of these success-based justifications reveals that the cognitive success of the respective methods is limited to certain situations. The presented justifications of the "competing" cognitive methods do not really contradict each other; only their uncritical generalization as "autocratic paradigms" leads to mutual conflict. INSTRUMENTAL JUSTIFICATION OF DEDUCTIVE REASONING The standard justification of (classical) deductive reasoning consists in the provable fact that this kind of reasoning preserves truth with certainty: in all possible worlds in which the premises of a deductive argument are true, the conclusion of the argument is also true. First of all, let me try to remove a misunderstanding which is apparently involved in some arguments that set logical and probabilistic accounts of reasoning in opposition to one another. For example, Elqayam and Evans (2011, p. 278) infer from the Frontiers in Psychology | Cognitive Science July 2014 | Volume 5 | Article 625 | 6 Schurz Cognitive success: systems of reasoning fact that Bayesian updating is only possible if the probabilities are non-extreme (different from 1 and 0) that truth-preserving deductive inference is in conflict with Bayesian belief-updating. In this argument they equate the truth of a premise with its having an epistemic probability of 1. However, these two things are entirely different: (1) Obviously, truth is different from having an epistemic probability 1, since something can be true despite the fact that I don't believe it, and vice versa. (2) Further, believing that something is true is not the same as believing it with probability 1, because if I am a fallibilist then I will believe that the proposition I believe could be false, which means that I assign to them a high but not maximal probability. Moreover, knowing that a set of premises entails a certain conclusion can be cognitively useful even if my degree of belief in these premises is non-maximal. It is a straightforward theorem of probability theory that the probability of the conclusion of a valid deductive inference must be at least as high as the probability of the conjunction of its premises. Many further theorems of this sort have been proved in the literature, for example, that the uncertainty (i.e., 1 minus the probability) of the conclusion must always be greater than or equal to the sum of the uncertainties of the premises (Suppes, 1966, p. 54). In conclusion, the account of deductive reasoning is not at all in conflict with the account of probabilistic reasoning (see also the section Instrumental Justification of Probabilistic Reasoning on this point). But let us ask: what does the truth-preserving nature of deductive reasoning imply regarding the cognitive success and usefulness of deductive inferences? In order to make cognitive use of a deductive inference, two conditions must be satisfied: (2) Conditions for the cognitive usefulness of a deductive inference: (a) It must be possible for a person with "normal" cognitive abilities to achieve reliable beliefs about the truth of each premise, without (b) that the achievement of this belief relies itself on the person's belief in the truth of the conclusion. Only if these two conditions are satisfied, can the cognitive process of drawing the deductive inference produce a new belief for the given person, which then is at least as reliable (i.e., probable given the evidence) as the conjunction of its premises. Condition (2a) entails that the premises must be consistent. Condition (2b) is violated, for example, in trivial logical inferences such as "p and q, therefore p," since all persons with normal cognitive abilities will, in the moment in which they start to believe a conjunction of two beliefs, believe each of its conjuncts. This is not the case in more complicated cases of deductive inference: for example, no cognitively normal person will believe that there are infinitely many prime numbers, from the moment that she begins to understand and believe the axioms of Peano arithmetic. In cases of this sort, deductive proofs produce new cognitive insights and, hence, are cognitively useful. In the last example, belief in the premises (Peano's axioms of arithmetic) are believed based on mathematical "intuition" or postulate. In empirical applications, knowledge of the premises must be based on empirical evidence. Here we meet a further condition for cognitively usefulness. Nontrivial cognitive inferences usually involve conditionals (implications), which in classical logic are material conditionals "p→q," whose truth-table coincides with "¬p or q." As a consequence, "p→q" follows deductively from "¬p" and from "q." I call a material conditional trivially verified if the belief in it is justified either by the belief in the negation of its antecedent (¬p) or by the belief into its consequent (q). One can easily see that deductive inference from trivially verified conditionals cannot be cognitively useful: (3) Trivial verification of 1st premise by: (a) Modus p→q ¬p: Then verification of 2nd premise is impossible Ponens: p q: Then conclusion is already known: inference trivial q (b) Modus p→q q: Then verification of 2nd premise is impossible Tollens: ¬q ¬p: Then conclusion is already known: inference trivial ¬p Similar considerations apply to more complicated inferences (see footnote 10), for example to inferences from disjunctions, such as disjunctive syllogism: "p∨q, ¬p, therefore q." It follows that deductive inferences can only be cognitively useful if their conditional or disjunctive premises are not known by trivial verification. In empirical (non-mathematical) domains the standard way of justifying a singular material conditional without knowing the truth value of its if-part and then-part is to infer it from a corresponding general conditional, which is in turn inductively inferred from the empirical evidence. For example, when I believe that "if Jonny promises to come, then he will come," I don't believe this because Jonny didn't promise to come or because he actually came, but because I inferred this prediction from his promise-keeping behavior in the past. In classical logic one can only express strictly general conditionals, which don't admit of exceptions and have the form "For all x: Fx→Gx" (with "Fx/Gx" for "x has property F/G"). With their help, the inference in (3a) is transformed into the following: (4) Modus Ponens from the instantiation of a strictly universal conditional: For all x: Fx→Gx Nontrivial confirmation of the 1st premise by a sample of Fs all of a is an F which are Gs, where this sample doesn't contain individual a. a is a G It follows from these considerations that in application to empirical knowledge, the successful cognitive use of deductive inferences is usually 9 restricted to situations which satisfy the following two conditions: 9A generalization to deductive inferences of arbitrary kind is possible by the following consideration: Statements which are verifiable by observation have the form of closed literals, i.e., unnegated or negated statements of the form (¬)Fa, or (¬)Rab, etc. (where F, R, etc. are primitive non-logical predicates). www.frontiersin.org July 2014 | Volume 5 | Article 625 | 7 Schurz Cognitive success: systems of reasoning (A) The inference contains at least one conditional (or disjunctive) premise which is explicitly or implicitly 10 general and can only be confirmed by an inductive inference, and (B) the generality of this premise is strict (i.e., exceptionless). Condition (A) implies that without the simultaneous capacity to reason inductively, deductive inferences are of almost no use in empirical domains. So condition (A) alone is sufficient to refute the view that deductive logic is an all "all-purpose" system of reasoning: although its inferences are truth-preserving in all possible situations (or worlds), they are not cognitively useful in all possible situations11, but only in those situations in which deductive reasoning competence is paired with success in inductive reasoning. I assume that for the majority of readers nothing of what I have said is substantially new. But if this is so, I cannot understand how one can seriously regard deductive logic as the only normative standard of reasoning. I guess that many of the hegemony claims made on the behalf of given "normative systems" are more the result of power struggles between Kuhnian "paradigms" than of rational reflection. Condition (B) is an equally severe restriction on the cognitive use of deductive logic. Apart from laws in classical physics, there are not many true and strictly general laws in the empirical sciences. Most empirical conditionals are uncertain and admit of exceptions; they have the form "Most Fs are Gs," or "Normally, Fs are Gs" (cf. Schurz, 2001b, 2002). Conditionals of this sort are usually reconstructed as expressing high conditional probabilities. Reasoning with them requires probabilistic systems, either in the form of a conditional logic based on a probabilistic semantics (cf. Adams, 1975; Schurz, 2005; Schurz and Thorn, 2012; Thorn and Schurz, 2014), or within the full system of mathematical probability theory (see the section Instrumental Justification of Probabilistic Reasoning). Experimental investigations of reasoning have confirmed that people frequently understand uncertain conditionals in the sense of high conditional probabilities (Evans et al., 2003; Schurz, 2007). We will see below, however, that the application of probability theory (or of more advanced mathematical theories) to empirical domains is also only cognitively successful if it is paired with inductive reasoning mechanisms which can provide empirical confirmation for the general premises. Note that conditions (A) and (B), above, are less restrictive than it may seem. First of all, conditions (A) and (B) do not apply to mathematical domains, where strictly general premises However, deductive inferences among literals necessarily fail to meet condition (2b) of cognitive usefulness, because a literal follows from a set  of literals if and only if it is an element of  [cf. (Schurz, 2011b), sec. 5.1, (5)]. 10The conditional premise Fa→Ga is said to be implicitly general if it is justified by an argument which justifies a corresponding conditional Fai→ Gai for every other individual constant ai. For example, Fa→Ga is implicitly general if it is deductively inferred from the explicitly general premise ∀x(Fx→Gx), or if it is inductively inferred from sample information of the form {Fb1→Gb1, . . ., Fbn→Gbn}. 11My notion of a situation includes both (a) an objective (subjectindependent) environment, and (b) a constellation of subjective facts concerning the given cognitive task and cognitive resources. are given by axiomatic stipulation. No wonder, therefore, that deductive inferences are most intensively used in the mathematical sciences. Secondly, the fact that inferences from uncertain scientific laws require the use of probability theory does not make deductive logic disappear, because probability theory is usually formalized within standard type-free (Zermelo Fraenkel) set theory, which contains in its core the full power of deductive logic, which is needed, for example, to prove probability theorems from probability axioms. Replacing mere logic by advanced mathematics only breaks the autocracy of logic, but not its omnipresence: all higher-level mathematical theories still contain logic in their core. In conclusion, standing on its own legs deductive logic is highly useful in mathematical domains. In empirical applications, however, its cognitive use is confined to situations in which deductive reasoning is combined with the results of inductive reasoning procedures. INSTRUMENTAL JUSTIFICATION OF PROBABILISTIC REASONING The instrumental justification of probabilistic reasoning in terms of cognitive success depends on the assumed conception of probability: statistical (objective) or epistemic (Bayesian, subjective)12. The statistical probability of a property or eventtype Fx, p(Fx), is the limit of its relative frequency in an underlying random sequence consisting of the consecutive outcomes of a random experiment (important founders are Von Mises, 1964, and Fisher, 1956). On the other hand, the epistemic probability of a particular state of affairs or event-token Fa, P(Fa), is the degree of belief, to which a given rational subject, or all subjects of a certain rationality type, believe in the occurrence of the event (important founders are Bayes, 1763; Ramsey, 1926; De Finetti, 1937). The standard justification of Bayesian (i.e., epistemic) probabilities is their interpretation as fair betting quotients. Ramsey and de Finetti proved that a bettor's fair betting quotients satisfy the (standard Kolmogorovian) probability axioms if and only if they are coherent in the sense that there is no finite class of fair bets which under all possible circumstances lead to a total loss for the bettor. According to this view, the cognitive usefulness of coherent degrees of beliefs consists in the avoidance of sure loss, independent from the given environment. Although I do not deny that this form of probabilistic consistency is of "some use," it is certainly not enough for truthful prediction or successful action in the actual world. The definition of coherent fair betting quotients refers solely to the subjective mental state of the betting persons, but it need not reflect the true frequencies of the bet-on events. Take for example a subjective Bayesian who offers odds of 1:1 that she will roll a six with a normal die, and considers the bet fair, i.e., she is willing to accept the opposite bet at 1:1 that she won't roll a six. The Bayesian remains coherent even after she has lost her entire fortune. She may be puzzled that while everybody has readily accepted her bet, nobody has accepted the counterbet, but she can't explain why she of all people has lost everything while others have made their fortune, as long as she 12We confine our discussion to these two most important conceptions of probability. Further probability concepts which we cannot discuss here are objective single case probabilities and logical probabilities. Cf. Gillies (2000, ch. 3.13). Frontiers in Psychology | Cognitive Science July 2014 | Volume 5 | Article 625 | 8 Schurz Cognitive success: systems of reasoning doesn't consider the frequentistic chances of the type of event she has been betting on. This shows that Bayesian coherence provides at best a minimal condition for rational degrees of belief, which is, however, too weak to exclude irrational betting behavior from an objective point of view. In other words, subjective degrees of belief can only be cognitively successful if they are related to statistical probabilities. The most important connection between subjective and statistical probabilities is expressed by a principle that goes back to Reichenbach (1949) (cf. Schurz, 2013, p. 132): (5) Principle of narrowest reference class: the subjective probability P(Fa) of a single event Fa is determined as the (estimated) conditional statistical probability p(Fx|Rx) of the corresponding type of event Fx in the narrowest (nomological) reference class Rx, within which we know a lies (i.e., that Ra is true). The principle of the narrowest class of reference (also called the "statistical principal principle"; Schurz, 2013, p. 262) is widely used both in everyday life and in the sciences. If we want to determine the subjective probability that a certain person will take a certain career path (Fa), then we rely on the characteristics of this person which are known to us as the narrowest reference class (Ra), and on the statistical probability that a person x with the characteristics Rx will take this career path (p(Fx|Rx)). The weather forecast "the probability that it will rain tomorrow is 3/4" has, according to Reichenbach's principle, the following interpretation: the statistical probability that it will rain on a day which is preceded by similar weather patterns as that preceding today is 3/4. Unterhuber and Schurz (2013, sec. 4.3) argue that Oaksford and Chater (2007), too, seem to accept a principle of this sort. Bayesian probabilities can only be truth-conducive and cognitively useful if they are connected with statistical probabilities. Only if we can reliably predict the true success probabilities of our actions can our actions be useful. However, all knowledge about statistical probabilities must be inferred from observations of past instances or samples by means of inductive inferences. So our conclusion concerning the cognitive usefulness of probability theory is similar to our conclusion for deductive logic: in application to empirical domains, probabilistic reasoning is only useful if it is combined with the capacity for successful inductive inference. In fact, there exists a manifold of accounts which explicate different forms of inductive inference in probabilistic ways-for example, Fisher's, and Neyman and Pearson's account of statistical tests, Fisher's account of statistical inference based on confidence intervals, the approach of Bayesian statistics based on the updating of prior distributions, etc. (for an overview cf. Schurz, 2013, ch. 4). Although it is not possible to enter into the details here, we note that all of these accounts assume special principles or rules that go beyond the basic axioms for coherent probabilities and correspond to different forms of inductive inference. INSTRUMENTAL JUSTIFICATION OF INDUCTIVE INFERENCE: LOCALLY ADAPTED METHODS In the two preceding subsections we have seen that classical logic and probability theory are far from being "all-purpose" cognitive tools. To be sure, deductive inferences are truth-preserving and coherent probabilities avoid sure-loss, but beyond that, the two reasoning systems can only be successful in empirical applications if they are paired with successful inductive inferences. It is the very domain of inductive inferences, however, in which no universally reliable method, nor even a universally optimal method, exists. Negative results of this sort basically go back to the insights of the philosopher David Hume and have more recently been proved in the areas of formal learning theory (Kelly, 1996), machine learning (Cesa-Bianchi and Lugosi, 2006), and meta-induction (Schurz, 2008; Vickers, 2010, §6.3). This is not to deny that in the area of inductive prediction there are a variety of positive results, but they either hold only under restrictive conditions, or they hold only in the "infinitely long run," and tell us nothing about the cognitive success of a respective method in practically relevant time. So very naturally, inductive prediction tasks have been the domain in which the paradigm of locally adaptive or ecological rationality has emerged, which has been developed, among others, by Gigerenzer, Todd, and the ABC research group13 . These researchers show, based on comparative investigations of the success of different prediction methods, that simple prediction heuristics are frequently more successful than more general and computationally costly prediction mechanisms, following the slogan "less can be more." Gigerenzer et al. (1999) have studied several different heuristics at different levels of generality. In this subsection I focus my discussion on the performance of one of these prediction rules, known as "take-the-best" (TTB). The prediction tasks studied within the ABC research group have the following format: prediction methods are based on socalled cues C1,. . .,Cn, which are themselves predictive indicators of a criterion variable X whose values or value-relations have to be predicted. Each cue has a given probability of predicting correctly, conditional on its delivering any prediction at all. This conditional probability is called the cue's ecological validity. In one of the typical experiments, the task was to predict which of two German cities has a higher population, based on binary cues such as (C1) is it a national or state capital?, (C2) does it have a first division soccer team?, etc. In experiments of this sort, a cue (Ci) delivers a prediction if it "discriminates" between the two compared objects: if the cue difference is +1 (value 1 for city A and 0 for city B), the cue predicts XA > XB (city A is larger than city B); if the cue difference is −1 (value 0 for city A and 1 for B), it predicts XB > XA (city B is larger than A), and otherwise it fails to predict. For each item (i.e., pair of cities), the strategy TTB predicts what the cue with the highest ecological validity predicts, among all cues which deliver a prediction for the given item. The frugality of this strategy consists in the fact that for each item it bases its prediction on only one cue (that with the highest validity). In contrast, more complex strategies predict a certain (mathematical) combination of the predictions of all cues. For example, the strategy called "Franklin's rule" predicts 13Cf. Gigerenzer et al. (1999) and Todd and Gigerenzer (2012). "ABC" stands short for the "Center for Adaptive Behavior and Cognition" at the MPI for Human Development in Berlin. www.frontiersin.org July 2014 | Volume 5 | Article 625 | 9 Schurz Cognitive success: systems of reasoning according to a weighted average of the cue differences of all discriminating cues, where the weights are determined by the (normalized) validities of the discriminating cues (Gigerenzer et al., 1999, part III). If this weighted average is greater (or smaller) than 0.5, Franklin's rule predicts XA > XB (or XA < XB, respectively). A still more complex prediction method is linear (or logistic) regression: this method predicts a linear (or logistic) combination of the cue differences with optimal weights which minimize the sum of squared distances between the actual value of the item (which takes +1 if XA > XB and −1 if XA < XB) and the predicted linear (or logistic) combination of cues (Gigerenzer et al., 1999; Rieskamp and Dieckmann, 2012). It can be proved that both regression methods have equally maximal predictive success among all linear combinations, if their weights are fitted to 100% of all items of the underlying population (in our example all pairs of cities). In practice, however, the weights are estimated from so-called training sets, which consist of random samples of varying size (e.g., 20% of all items). Likewise, Franklin's rule and TTB estimate the validities of the cues from their validities in training sets. This is the point where the advantage of frugal strategies such as TTB comes in. Regression methods, and to some extent also Franklin's rule, suffer frequently from the problem of overfitting: they fit the weights or validities to random accidentalities of the sample which disappear 'in the long run,' when the samples size approaches the population size (cf. Brighton and Gigerenzer, 2012, Figures 2– 1; Rieskamp and Dieckmann, 2012, p. 198f, Figures 8–1, 8–2). Based on simulated and real data, Rieskamp and Dieckmann (2012) arrive at the result that linear weighting methods tend to be better than TTB in environments of low redundancy, with little (unconditional) correlations between the cues' predictions, while in high redundancy environments TTB tends to be better than weighting methods (for small learning samples) or equally good (for large learning samples)14. However, one can show that Rieskamp and Dieckmann's generalizations from their empirical results are not always correct. Schurz and Thorn (in review) construct environments in which weighting rules are superior in spite of redundant cues, as well as environments in which TTB is superior in spite of non-redundant cues (see Appendix). In the next section we will see that there is a systematic reason for the difficulty of providing simple rules that characterize the class of environments in which frugal prediction methods such as TTB beat complex prediction methods such as Franklin's rule or regression. A DILEMMA FOR ECOLOGICAL RATIONALITY, OR WHY A DUAL ACCOUNT IS NEEDED The success of any locally adapted prediction method depends on its being applied in the "right" environment. However, biological 14Moreover, Rieskamp and Dieckmann report that in environments of low redundancy, TTB performs better if the dispersion of the cues' validities is high. Logistic regression performs better than Franklin's rule for training set sizes of greater than 20%, except in environments of high redundancy and low validity dispersion, in which logistic regression beats the other methods only for training sets greater than 80%. organisms, and especially humans, frequently face changing environments. Within such environments, one needs strategies that select for each relevant environment a method, or a combination of methods, that performs as well as possible in that environment. Following Rieskamp and Otto (2006, p. 207), I call this the strategy selection problem. Researchers within the adaptive rationality program acknowledge the importance of the strategy selection problem. For Todd and Gigerenzer (2012 p. 15), the study of ecological rationality centers around the question of which heuristics are successful in which kinds of environments. They propose a list of simple rules which indicate, for each of their studied heuristics in which kind of environment it may be successfully applied, and in which it may not (Todd and Gigerenzer, 2012, Table 1.1). On closer inspection, however, their rules are problematic, either because their application requires information that is unlikely to be available, or because the rules are not always correct. For example, the recognition heuristic ("base your prediction on that cue which is best recognized by you") is said to be ecologically rational if its ecological validity is greater than 0.5. But since this ecological validity is unknown in advance and only learnable in retrospect, this kind of selection rule is not very helpful. Moreover, the rule is incorrect inasmuch as anybody who possesses a better method than the recognition heuristic should apply this method instead of the recognition heuristic. Concerning the take-the-best heuristic TTB, Todd and Gigerenzer (2012, p. 9) assert (like Rieskamp and Dieckmann, 2012) that TTB is ecologically rational in environments with high cue redundancy and highly varied cue validities, while linear weighting-rules are said to be rational in the opposite types of environments. However, as explained in the preceding section, the connection between high cue redundancy and TTB's optimality can be violated in both directions (see Appendix); so this rule is also incorrect. The preceding observations do not diminish the great success of the adaptive rationality program in discovering surprising "less is more" effects. They rather point toward an underdeveloped area in this program, namely the selection-of-methods problem. They also indicate a major challenge, and to a certain degree even a dilemma, for the program of ecological rationality. For if there were simple rules of the form "In environment of type Ei, method Mi is optimal" (for i ∈ {1,. . .,n}), then the combined strategy "For all i∈{1,. . .,n}: apply method Mi in environment Ei" would be a universally optimal strategy. The existence of such a strategy would, thereby, re-install universal rationality, and undermine the very program of adaptive rationality. Can universal rationality be re-installed in this simple way? The answer is: No. Following from well-known results in formal learning theory (Kelly, 1996) and meta-induction (Schurz, 2008), there cannot be an inductive prediction or inference method which is optimal in all environments among all possible prediction methods. This fact has been frequently mentioned by researchers within the adaptive rationality program (cf. Todd and Gigerenzer, 2012, p. 5). A consequence of the cited result is that there cannot be exhaustive and fully general meta-rules which specify for each task and environment a locally optimal method. Frontiers in Psychology | Cognitive Science July 2014 | Volume 5 | Article 625 | 10 Schurz Cognitive success: systems of reasoning Schurz and Thorn (in review) call this fact the revenge of ecological rationality. While there is no 'absolutely' optimal selection strategy, the ecological rationality program presupposes selection rules that are at least "very" or "sufficiently" general. Obviously, selection strategies can only have a cognitive benefit if their success is highly general, applying to a large class of environments and tasks. If such general selection strategies did not exist, one could not explain why humans are so successful in selecting the 'right' method for their given environment, in spite of the fact that their environment constantly changes. What makes it difficult to find general rules for selecting methods is that the success-relevant features of the environment are frequently cognitively inaccessible. Similarly, changes in the environment are often unrecognizable and unforeseeable. To deal with changing environments of this sort, one needs strategies for learning which locally adapted methods perform best in which environment, or in which temporal phases of the environment. This brings us to the account of strategy selection by learning proposed by Rieskamp and Otto (2006) and the more general account of meta-induction developed in Schurz (2008) and Schurz and Thorn (in review). While Rieskamp and Otto suggest reinforcement as the learning method for strategy selection, meta-induction is a more general family of meta-level selection strategies which includes reinforcement as a special case. The account of meta-induction was developed within the domain of epistemology as a means of addressing Hume's problem of induction (Schurz, 2008, 2009; Vickers, 2010), thereby utilizing certain results from the domain of machine learning (Cesa-Bianchi and Lugosi, 2006). In this account, metainductive selection strategies are considered as meta-level strategies. Such strategies attempt to select an optimal prediction method, or to construct an optimal combination of such methods, out of the toolbox of locally adapted prediction methods, which are also called the object-level methods. Meta-inductive strategies base their predictions on the so-far observed success rates of the available object-level methods. The simplest meta-inductive strategy is again TTB, which imitates the predictions of the so-far best available prediction method. The difference between the model envisioned here and the typical experimental paradigm used within adaptive rationality research is that within the present model TTB is applied at the meta-level, as a means to selecting the right (combination of) locally adapted prediction methods, rather than to the selection of "cues." Recall the negative result that there is no method which is optimal among all possible prediction methods in all environments. In other words, no method is absolutely optimal. Of course, only a fraction of all possible prediction methods is cognitively accessible to any human-like agent. So at the meta-level, it is only possible to include the cognitively accessible prediction methods in the "toolbox" of candidate methods. This raises the following question: is there a meta-inductive strategy which predicts optimally in comparison to all candidate prediction methods that are accessible to it, no matter what these methods are and in which environment one happens to be? Schurz and Thorn (in review) call this property access-optimality (i.e., optimality among all accessible methods), in distinction to absolute optimality, which is not restricted to the accessible methods. The philosophical importance of this notion is this: if one could prove that a universally access-optimal selection strategy exists, its application would always be reasonable, independent from one's environment and one's toolbox, because by applying this meta-strategy to the methods in one's toolbox, one can only improve but never worsen one's success rate. Arguably, the existence of such a method would also give us at least a partial solution to Hume's problem of induction (Schurz, 2008). It can easily be shown that TTB is not universally access-optimal: it fails to be access-optimal in environments where the success rates of the available candidate methods are constantly oscillating (Schurz, 2008, Figures 1, 4). However, there is a certain linear weighting strategy, so far unrecognized within the adaptive rationality research community, which is demonstrably universally access-optimal in the long run. Schurz and Thorn (in review) call this strategy attractivity-based weighting, AW, since it bases its assignment of weights to the predictions of accessible methods on the "attractivities" of those methods, which depend on the success differences between the object-level methods and AW. In the short run, AW may earn a small loss (compared to the so-far best prediction method) which vanishes if the number of rounds becomes large compared to the number of competing methods. There are meta-level methods whose performance exceeds that of AW in particular environments. For example, Schurz and Thorn (in review, sec. 7) show that Franklin's rule (if applied at the meta-level) outperforms AW in certain environments, but is worse than AW in other environments. In other words, all improvements of AW are local and come at the cost of losing universal access-optimality. This is again a "revenge effect" of ecological rationality, which puts us into the following dilemma: on the one hand, there is a meta-level strategy, namely AW, which is universally access-optimal in the long run. On the other hand, there are methods whose performance may exceed that of AW locally, but only on the cost of losing universal access-optimality. Schurz and Thorn (in review) propose to solve this dilemma by the following division of labor: At the meta-level of selection strategies, one should use a strategy which is accessoptimal, i.e., the strategy AW. If one finds a meta-method M∗ which is more successful than AW in some environments, then one can improve the success of AW not by replacing AW by M∗ at the meta-level, but by putting M∗ into the toolbox of locally adapted methods and applying AW to this extended toolbox. Generally speaking, the account of Schurz and Thorn (in review) proposes a division of labor between general metalevel selection strategies and optimal (combinations of) locally adapted cognitive methods. This proposed division of labor is akin to the dual process accounts of cognition that have been developed in the recent decades by a variety of psychologists15. 15Cf. Evans and Over (1996), Sloman (1996), and Stanovich (1999); for excellent overviews cf. Evans (2003, 2008). www.frontiersin.org July 2014 | Volume 5 | Article 625 | 11 Schurz Cognitive success: systems of reasoning These accounts explain human cognition by a division of labor between two reasoning systems and corresponding processes: "type 1" processes are usually characterized as unconscious or implicit, heuristic, context-specific, perceptionor action-related, fast and parallel, and evolutionarily old (humans share them with animals). In contrast, "type 2" processes are characterized as conscious and explicit, analytic, context-general, symbolic, slow and sequential, being an evolutionarily recent feature of homo sapiens. Although the fit of the dualistic account of local methods and meta-inductive strategies with dual process accounts is not perfect, the basic similarities are clear. Firstly, the distinction between locally adapted prediction strategies and general (meta-inductive) selection strategies is a distinction between types of cognitive processes (not between cognitive "rationalities"); so it rightly belongs to the cognitive process level to which the type 1/2 distinction applies (cf. Oaksford and Chater, 2012). Secondly, meta-inductive strategies are conscious selection processes and thus belong to the family of type 2 processes. In contrast, locally adapted prediction or decision heuristics are often (though not always) type 1 processes, whose control by type 2 processes is difficult and requires cognitive training (Houde et al., 2000) and general intelligence (Stanovich, 1999). The preceding short remark concerning the relation between the proposed dual account and contemporary dual process theories must be sufficient. The main purpose of the dual account of local methods and meta-strategies is to highlight the evolutionary benefit of a division of labor between general cognitive selection strategies and locally adapted cognitive methods. In particular, this division of labor helps to solve the explained dilemma facing ecological rationality program, i.e., the problem of explaining how locally adapted reasoning strategies can be cognitively successful in a situation of changing environments. CONCLUSION I began this article by outlining the distinction between normative and instrumental conceptions of cognitive rationality (Elqayam and Evans, 2011). The latter distinction was embedded into a broader philosophical framework, classifying the former account as deontological and the latter as teleological. While I agreed with Elqayam and Evans' critique of unjustified is-ought inferences in normative accounts, I argued that in both accounts one must make at least some value assumptions, which are based on some form of intuition. However, while those accounts which Elqayam and Evans call "normativist" are based on a mixed bag of apriori intuitions, instrumentalist accounts are based on just one value-the value of cognitive success in the given environment. I, therefore, proposed to replace the normative/instrumental distinction by the distinction between a-priori intuition-based vs. a-posteriori success-based accounts of rationality. Cognitive success should be understood as success in finding as many relevant truths as possible with as few mistakes and cognitive costs. I argued that the value of cognitive success lies in its instrumental rationality for almost-all practical purposes. After distinguishing between a-priori intuition-based vs. aposteriori success-based accounts of rationality, I pointed out that this distinction is usually conflated with a second distinction: that between logically general vs. locally adapted rationality. In opposition to this conflation, I argued that these two distinctions should be treated as independent dimensions of classification. The question of whether logico-general or locally adapted reasoning methods have greater cognitive success is a descriptive question which can be decided by computational and empirical means. In the case of classical logic and probability theory, I demonstrated that logico-general systems of reasoning can be instrumentally justified by their a-posteriori cognitive success. It turns out that although reasoning according to classical logic and probability theory have the advantage of preserving truth and avoiding inconsistency in all environments, they are not cognitively successful in all situations, but only in those where they are paired with capacity for successful inductive reasoning, which supplies deductive or probabilistic reasoning with general premises about empirical regularities. In the area of inductive inference, however, there is no generally reliable or optimal reasoning method. No wonder, then, that this is the domain in which the paradigm of locally adaptive or ecological rationality has emerged. In the final part of the paper, I argued that the fact that human beings frequently encounter changing environments generates a dilemma for the program of ecological rationality. On the one hand, this program requires rules which specify for each heuristic the kind of environment in which it may be successfully applied, and in which it may not. On the other hand, some general arguments show that a complete list of rules of this sort does not exist; in fact, its existence would undermine the very program of ecological rationality. As a way out of this dilemma, I argued for a dual account of cognition, in which highly general meta-inductive selection strategies are applied to a toolbox of locally adapted cognitive methods. ACKNOWLEDGMENT For valuable help I am indebted to Shira Elqayam, Jonathan Evans, P. Thorn, G. Kleiter, N. Pfeifer, R. Hertwig, and P. Pedersen. REFERENCES Adams, E. W. (1975). The Logic of Conditionals. Dordrecht: Reidel. Anscombe, G. E. M. (1958). Modern moral philosophy. Philosophy 32, 1–19. doi: 10.1017/S0031819100037943 Barbey, A. K., and Sloman, S. A. (2007). Base rate respect: from ecological rationality to dual processes. Behav. Brain Sci. 30, 241–297. doi: 10.1017/S0140525X07001653 Baron, J. (2008). Thinking and deciding. New York, NY: Cambridge Univ. Press. Bayes, T. (1763). An essay towards solving a problem in the doctrine of chances. Philos. Trans. R. Soc. Lond. Biol. Sci. 53, 370–418. doi: 10.1098/rstl.1763.0053 Birnbacher, D. (2003). Analytische Einführung in die Ethik. Berlin: de Gruyter. Brighton, H., and Gigerenzer, G. (2012). "How heuristics handle uncertainty," in Ecological Rationality: Intelligence in the World, eds P. M. Todd and G. Gigerenzer (New York, NY: Oxford University Press), 33–60. Broad, C. D. (1930). Five Types of Ethical Theory. London: Routledge. Cesa-Bianchi, N., and Lugosi, G. (2006). Prediction, Learning, and Games. Cambridge: Cambridge Univ. Press. Cohen, L. J. (1981). Can human irrationality be experimentally demonstrated? Behav. Brain Sci. 4, 317–370. doi: 10.1017/S0140525X00009092 David, M. (2005). "Truth as the primary epistemic goal: a working hypothesis," in Contemporary Debates in Epistemology, eds M. Steup and E. Sosa (Oxford: Blackwell Publishing), 296–312. De Finetti, B. (1937). "Foresight: its logical laws, its subjective sources," in Studies in Subjective Probability, eds H. E. Kyburg and H. E. Smokler (New York, NY: Wiley), 93–158. Frontiers in Psychology | Cognitive Science July 2014 | Volume 5 | Article 625 | 12 Schurz Cognitive success: systems of reasoning Elqayam, S., and Evans, J. S. (2011). Subtracting "ought" from "is": descriptivism versus normativism in the study of human thinking. Behav. Brain Sci. 34, 233–290. doi: 10.1017/S0140525X1100001X Evans, J. S. (2002). Logic and human reasoning: an assessment of the deduction paradigm. Psychol. Bull. 128, 978–996. doi: 10.1037/0033-2909.128.6.978 Evans, J. S. (2003). In two minds. Dual process accounts of reasoning. Trends Cogn. Sci. 7, 454–459. doi: 10.1016/j.tics.2003.08.012 Evans, J. S. (2008). Dual process accounts of reasoning, judgement, and social cognition. Annu. Rev. Psychol. 59, 255–278. doi: 10.1146/annurev.psych.59.103006. 093629 Evans, J. S., Handley, S. J., and Over, D. (2003). Conditionals and conditional probability. J. Exp. Psychol. Learn. Mem. Cogn. 29, 321–335. doi: 10.1037/02787393.29.2.321 Evans, J. S., and Over, D. (1996). Rationality and Reasoning. New York, NY: Psychology Press. Fisher, R. A. (1956). Statistical Methods and Scientific Inference. New York, NY: Hafner Press. Frankena, W. (1963). Ethics. Englweood Cliffs, NJ: Prentice Hall. Galvan, S. (1988). Underivability results in mixed systems of monadic deontic logic. Logique Analyse 121, 45–68. Gigerenzer, G. (1991). "How to make cognitive illusions disappear: beyond "heuristics" and biases," in European Review of Psychology, eds W. Stroebe and M. Hewstone (Chichester: Wiley), 83–115. Gigerenzer, G., Todd, P. M., and The ABC Research Group (eds.). (1999). Simple Heuristics That Make Us Smart. Oxford: Oxford Univ. Press. Gillies, D. (2000). Philosophical Theories of Probability. London: Routledge. Goldman, A. (1986). Epistemology and Cognition. Cambridge, MA: Harvard University Press. Goodman, N. (1955). Fact, Fiction and Forecast. Cambridge, MA: Harvard Univ. Press. Greco, J., and Turri, J. (2013). "Virtue epistemology," in The Stanford Encyclopedia of Philosophy, ed E. N. Zalta (Winter 2013 Edition). Available online at: http:// plato.stanford.edu/archives/win2013/entries/epistemology-virtue/ Habermas, J. (1966). Knowledge and interest. Inquiry 9, 285–300. doi: 10.1080/00201746608601463 Houde, O., Zago, L., Mellet, E., Montier, S., Pineau, A., Mazoyer, B., et al. (2000). Shifting from the perceptual brain to the logical brain: the neural impact of cognitive inhibition training. J. Cogn. Neurosci. 12, 721–728. doi: 10.1162/089892900562525 Hudson, W. D. (ed.). (1969). The Is-Ought-Question. London: Macmillan Press. Hume, D. (1739/40). A Treatise of Human Nature. Book III: Of Morals. Mineola, NY: Dover Pub. 2004. Available online at: www.gutenberg.org/ebooks/4705 Kahneman, D., and Tversky, A. (1972). Subjective probability: a judgement of representativeness. Cogn. Psychol. 3, 430–454. doi: 10.1016/0010-0285(72) 90016-3 Kelly, K. (1996). The Logic of Reliable Inquiry. New York, NY: Oxford Univ. Press. Moore, G. E. (1903). Principia Ethica. New York, NY: Cambridge Univ. Press. Oaksford, M., and Chater, N. (1991). Against logicist cognitive science. Mind Lang. 6, 1–38. doi: 10.1111/j.1468-0017.1991.tb00173.x Oaksford, M., and Chater, N. (1994). A rational analysis of the selection task as optimal data selection. Psychol. Rev. 101, 603–631. doi: 10.1037/0033295X.101.4.608 Oaksford, M., and Chater, N. (2007). Bayesian Rationality: The Probabilistic Approach to Human Reasoning. Cambridge: Oxford University Press. Oaksford, M., and Chater, N. (2012). Dual processes, probabilities, and cognitive architecture. Mind Soc. 11, 15–26. doi: 10.1007/s11299-011-0096-3 Piatelli-Palmarini, M. (1996). Inevitable Illusions: How Mistakes of Reason Rule Our Minds. New York, NY: John Wiley & Sons. Pigden, C. R. (1989). Logic and the autonomy of ethic. Australas. J. Philos. 67, 127–151. doi: 10.1080/00048408912343731 Pigden, C. R. (ed.). (2010). Hume on 'Is,' and 'Ought.' Hampshire: Palgrave Macmillan. Ramsey, F. P. (1926). "Truth and probability," in Philosophical Papers, ed H. D. Mellor (Cambridge: Cambridge Univ. Press). Reprinted in Ramsey, F. P. (1990), 52–94. Rawls, J. (1971). A Theory of Justice. Cambridge, MA: Harvard Univ. Press. Reichenbach, H. (1949). The Theory of Probability. Berkeley, CA: University of California Press. Rieskamp, J., and Otto, P. (2006). SSL: a theory of how people learn to select strategies. J. Exp. Psychol. Gen. 135, 207–236. doi: 10.1037/0096-3445.135.2.207 Rieskamp, J., and Dieckmann, A. (2012). "Redundancy: environment structure that simple heuristics can exploit," in Ecological Rationality: Intelligence in the World, eds P. M. Todd and G. Gigerenzer (New York, NY: Oxford University Press), 187–215. Prior, A. N. (1960). The autonomy of ethics. Australas. J. Philos. 38, 199–206. doi: 10.1080/00048406085200221 Schurz, G. (1997). The Is-Ought Problem: an Investigation in Philosophical Logic. Dordrecht: Kluwer. Schurz, G. (2001a). "Kinds of rationality and their role in evolution," in Rationality and Irrationality, eds B. B. Brogaard and B. Smith (Vienna: öbv & hpt), 301–310. Schurz, G. (2001b). What is 'normal'? An evolution-theoretic foundation of normic laws and their relation to statistical normality. Philos. Sci. 28, 476–497. doi: 10.1086/392938 Schurz, G. (2002). Ceteris paribus laws: classification and deconstruction. Erkenntnis 57, 351–372. doi: 10.1023/A:1021582327947 Schurz, G. (2005). Non-monotonic reasoning from an evolutionary viewpoint: ontic, logical and cognitive foundations. Synthese 146, 37–51. doi: 10.1007/s11229-005-9067-8 Schurz, G. (2007). "Human conditional reasoning explained by non-monotonicity and probability," in Proceedings of EuroCogSci07. The European Cognitive Science Conference 2007, eds S. Vosniadou, D. Kayser, and A. Protopapas (New York, NY: Erlbaum), 628–633. Schurz, G. (2008). The meta-inductivist's winning strategy in the prediction game: a new approach to Hume's problem. Philos. Sci. 75, 278–305. doi: 10.1086/592550 Schurz, G. (2009). Meta-induction and social epistemology. Episteme 6, 200–220. doi: 10.3366/E1742360009000641 Schurz, G. (2010). "Non-trivial versions of Hume's is-ought thesis and their presuppositions," in Hume on "Is" and "Ought," ed C. R. Pigden (Hampshire: Palgrave), 198–216. Schurz, G. (2011a). Truth-conduciveness as the primary epistemic justification of normative systems of reasoning. Behav. Brain Sci. 34, 266–267. doi: 10.1017/S0140525X11000537 Schurz, G. (2011b). Verisimilitude and belief revision. With a focus on the relevant element account. Erkenntnis 75, 203–221. doi: 10.1007/s10670-011-9291-1 Schurz, G. (2012). "Meta-induction and the problem of fundamental disagreement," in Epistemology: contexts, values, disagreement, eds C. Jäger and W. Löffler (Frankfurt/M.: Ontos), 343–354. Schurz, G. (2013). Philosophy of Science: a Unified Approach. New York, NY: Routledge. Schurz, G., and Thorn, P. (2012). Reward versus risk in uncertain inference: theorems and simulations. Rev. Symb. Logic 5, 574–612. doi: 10.1017/S1755020312000184 Schurz, G., and Werning, M. (eds.). (2009). Reliable Knowledge and Social Epistemology. Amsterdam: Rodopi. Sloman, S. A. (1996). The empirical case for two systems of reasoning. Psychol. Bull. 119, 3–22. doi: 10.1037/0033-2909.119.1.3 Stanovich, K. E. (1999). Who is Rational? Studies of Individual Differences in Reasoning. Mahwah, NJ: Erlbaum. Stich, S. (1990). The Fragmentation of Reason. Cambridge, MA: MIT Press. Stuhlmann-Laeisz, R. (1983). Das Sein-Sollen-Problem. Eine modallogische Studie. Stuttgart: Frommann-Holzboog. Suppes, P. (1966). "Probabilistic inference and the concept of total evidence," in Aspects of Inductive Logic, eds J. Hintikka and P. Suppes (Amsterdam: NorthHolland Publ. Comp.), 49–65. Taylor, S. E. (1989). Positive Illusions. Creative Self-Deception and the Healthy Mind. New York, NY: Basic Books. Thorn, P., and Schurz, G. (2014). A Utility Based Evaluation of Logico-Probabilistic Systems. Studia Logica. Available online at: http://link.springer.com/article/10. 1007/s11225-013-9526-z Todd, P. M., and Gigerenzer, G. (2012). "What is ecological rationality," in Ecological Rationality: Intelligence in the World, eds P. M. Todd and G. Gigerenzer (New York, NY: Oxford University Press), 3–30. Unterhuber, M., and Schurz, G. (2013). The new Tweety puzzle: arguments against monistic Bayesian approaches in epistemology and cognitive science. Synthese 190, 1407–1435. doi: 10.1007/s11229-012-0159-y www.frontiersin.org July 2014 | Volume 5 | Article 625 | 13 Schurz Cognitive success: systems of reasoning Vickers, J. (2010). "The problem of induction," in The Stanford Encyclopedia of Philosophy, ed E. N. Zalta (Spring 2010 Edition). Available online at: http:// plato.stanford.edu/archives/spr2010/entries/induction-problem/ Von Mises, R. (1964). Mathematical Theory of Probability and Statistics. New York, NY: Academic Press. Wason, P. C. (1966). "Reasoning," in New Horizons in Psychology, Vol. 1, ed B.M. Foss (London: Penguin), 106–136. Conflict of Interest Statement: The author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest. Received: 26 February 2014; accepted: 02 June 2014; published online: 01 July 2014. Citation: Schurz G (2014) Cognitive success: instrumental justifications of normative systems of reasoning. Front. Psychol. 5:625. doi: 10.3389/fpsyg.2014.00625 This article was submitted to Cognitive Science, a section of the journal Frontiers in Psychology. Copyright © 2014 Schurz. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) or licensor are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms. Frontiers in Psychology | Cognitive Science July 2014 | Volume 5 | Article 625 | 14 Schurz Cognitive success: systems of reasoning APPENDIX: TTB vs. FRANKLIN'S RULE IN ENVIRONMENTS OF DIFFERENT REDUNDANCY (WITH P. THORN) Figures A1 + A2 illustrate a simulation of a prediction tournament in which Franklin's rule predicts better than TTB, independently of the cue redundancy of the environment. The value of a binary target variable (with values 1, 0) had to be predicted based on three binary cues (with values 1, 0) whose conditional success probabilities were as follows: p(event = 1|3-of-3 cues predict 1) = 0.9 p(event = 1|2-of-3 cues predict 1) = 0.7 p(event = 1|1-of-3 cues predict 1) = 0.3 p(event = 1|0-of-3 cues predict 1) = 0.1. The validities were assumed to be known so that learning errors play no role. By assuming different prior probabilities over the cues' combined predictions, one can make them uncorrelated (non-redundant) or highly correlated (redundant), without changing the result that in this environment Franklin's rule performs better than TTB, as shown in Figures A1 + A2. Figures A3 + A4 exhibit an environment in which TTB predicts better than Franklin's rule, independently of the degree of cue redundancy. Here the success probabilities of the three cues were as follows (with "C2/3" for "cue 2" or "cue 3"): p(event = 1|C1 predicts 1, C2/3 predicts x2/3 ∈ {0, 1}) = 0.9 for all choices] of x2/3. p(event = 0|C1 predicts 0, C2/3 predicts x2/3 ∈ {0, 1}) = 0.8 for all choices of x2/3. By assuming either uniform prior distributions over the combined predictions or positive correlations between the cues' predictions one now obtains the result that TTB predicts better than Franklin's rule, both in low and high redundancy environments, as shown in Figures A3 + A4. FIGURE A1 FIGURE A2 FIGURE A1 + A2 | TTB against Franklin's rule in a binary prediction tournament with known validities which are conditionally dependent. Figure A1 with low redundancy and Figure A2 with high redundancy of cues. In both cases, Franklin's rule predicts better than TTB www.frontiersin.org July 2014 | Volume 5 | Article 625 | 15 Schurz Cognitive success: systems of reasoning FIGURE A3 FIGURE A4 FIGURE A3 + A4 | TTB against Franklin's rule in a binary prediction tournament with known validities which are conditionally independent. Figure A3 with low redundancy and Figure A4 with high redundancy of cues. In both cases TTB predicts better than Franklin's rule. Frontiers in Psychology | Cognitive Science July 2014 | Volume 5 | Article 625 |